Thank you for submitting your manuscript for consideration by The EMBO Journal. Please excuse the slight delay in getting back to you with a decision, linked to the peak submission time around the end of the year and the back-to-back reviewing task for our reviewers. We have now received the reports from three experts (see below), and I am pleased to inform you that all of them would in principle support publication, pending adequate revision of a number of specific points. Most of these refer to aspects of presentation, interpretation, or controls; however referees 1 and 2 also suggest two experimental avenues to bolster the functional insight provided: to test for possible additional Mcm10 roles during elongation (ref 1), and for possible effects on Mcm10 multimerization (ref 2 point 2). In addition, both these referees point out that while direct evidence for Mcm10 roles in origin unwinding would be ideal, it should at least be pointed out the RPA recruitment to DNA can only be viewed as an approximation of ssDNA formation and origin unwinding.
Given these overall positive recommendations, I would like to invite you to prepare a revised version of the manuscript, which should in light of the competitive topic be resubmitted within three months. Please note that it is our policy that competing manuscripts published during this period will have no negative impact on our final assessment of your revised study; however, we kindly request that you contact us as soon as possible with any information about the acceptance or publication status of any related work elsewhere. I would also like to remind you that it will be important to diligently answer all the points raised at this stage, as it is our policy to consider only a single round of major revision. Therefore, should you have any specific questions or concerns in this regard, please do not hesitate to get back to me for further consultations. Finally, I would strongly encourage you to seek input from native English speaking colleagues when editing the final version for resubmission. Previous results from various organisms suggested that Mcm10 is required upstream of the CMG helicase assembly step. Using promoter shut-off and a novel, auxin-regulated degron, the authors achieve highly efficient elimination of Mcm10 protein from cells. This causes synchronous arrest of cells in G1. Surprisingly, they find that in the absence of Mcm10, CMG assembles normally at origins, but that the unwinding of the origin (as measured by RPA loading), as well as recruitment of DNA pols alpha and delta (but not epsilon) is defective. They also show that in the absence of Mcm10, Sld2 and Sld3 remain bound to origins, indicating that an Mcm10-dependent step is normally required for their removal. Mcm10 in turn loads onto origins in a CMG-dependent, but DNA pol alpha-independent manner. Finally, they show that the conserved zinc finger domain of Mcm10 is required for RPA loading.
The data in this paper are of high quality and the conclusion that Mcm10 is required for origin unwinding is novel and interesting. However, a failure to recruit RPA to origins is not necessarily equivalent to a failure to unwind DNA, since Mcm10 could be required to recruit RPA to unwound DNA. This caveat should be mentioned in the Discussion. The only other deficit in the paper is that the authors do not address whether Mcm10 is required only at initiation or also throughout S phase. They should arrest cells with HU, deplete MCM10, and then release the cells from the arrest and determine whether S phase proceeds normally.
Referee #2 (Remarks to the Author):
Kanke et al Eukaryotic DNA replication initiation is a multi-step process that begins with the loading of the MCM replicative helicase in an inactive state as a double hexamer around dsDNA. The active helicase however (in combination with Cdc45 and GINS -the CMG complex) is a single hexamer around ssDNA. Understanding the transition from the inactive double hexamer around dsDNA to an active single hexamer around ssDNA will be essential to understand how replication initiation is regulated.
Recent in vitro replication initiation studies (Heller et al 2011) have shown that an essential protein called Mcm10 is required after CMG formation but before Pol-alpha primase recruitment. The role of Mcm10 in vivo has been controversial, largely due to the lack of inducible mutants. In this work Kanke at al address the in vivo function of Mcm10 in fission yeast by constructing a novel tight inducible allele of Mcm10. Using this mutant they provide evidence that Mcm10 recruitment is CMG dependent, but not vice versa and that Mcm10 is required for pol alpha and delta recruitment but not pol epsilon. In addition this study makes the interesting observation that Sld3/Sld2 and Dpb11 are 'trapped' at origins when Mcm10 is absent. Although it was known that Mcm10 is essential for replication initiation, the high quality of this investigation provides concrete in vivo confirmation of recent in vitro work from budding yeast and pinpoints the point of action of Mcm10 to be in CMG activation/unwinding. Hopefully this study will form the basis for a mechanistic investigation into the role of Mcm10 in replication initiation.
Points that address mechanism 1. The effect on ssDNA binding by the ZA mutant is not very convincing (Fig 7b) . Since there is no negative control here it is possible that the ssDNA interaction is due to the fact that the pI of Mcm10 is 10.46. I might suggest putting this figure in supplementary data and being cautious about the interpretation of this data in the text.
2. A very interesting possibility is that the ZA mutant is defective because it can't multimerise (7c). Would it be possible to make a ZA fusion protein that can bind itself (maybe GST, or a direct fusion)?. If this rescued the degron that would be a very interesting mechanistic insight and would greatly improve the impact of figures 7/8.
3. The ZA mutant nicely demonstrates that Mcm10 recruitment is not sufficient to exclude Sld3 (Fig  8e) . ZA did not rescue the defective growth of mcm10-off-aid strain as described below, we did not include the negative data in the revised manuscript. We also improved the English by kind help of a native English speaker. We hope this version is satisfactory and is now suitable for publication in The EMBO Journal. Our responses to the comments of the referees are given below.
Responses to the Referee #1 We thank the referee for recognizing our work as novel and interesting. We have modified the text and performed experiments as suggested. As the referee pointed out, we need to mention alternative interpretation, for example, that Mcm10 is required for recruitment of RPA. Therefore, we modified the text in the Discussion (page 19, lines 7-9) as well as in the corresponding description in the Results (page 11 lines 7-9).
The only other deficit in the paper is that the authors do not address whether Mcm10 is required only at initiation or also throughout S phase. They should arrest cells with HU, deplete MCM10, and then release the cells from the arrest and determine whether S phase proceeds normally.
As suggested, it is interesting whether Mcm10 is required only at initiation or also for elongation of replication. Therefore, we performed the experiments to deplete Mcm10 or Cdc45 from HUarrested cells and then examined S phase progression after the release (Supplementary Figure 8) . We decreased the amount of Mcm10 to as little as 0.5% of the native amount, corresponding to 18 molecules per cell, at the end of HU arrest (Supplementary Figure 8B and C) . Upon release, the DNA contents of Mcm10-depleted cells increased to 2C DNA, suggesting that cells resumed DNA synthesis, although they did not enter the next cell cycle (Supplementary Figure 8D) . The increment in DNA contents of Mcm10-depleted cells was only slightly delayed compared to those in nondepleted or thiamine-treated cells without auxin, probably due to the absence of further initiation after HU release. In contrast, the DNA contents of Cdc45-depleted cells remained at 1C DNA (Supplementary Figure 8E) , indicating the essential role of Cdc45 in elongation.
In sharp contrast to Cdc45-depleted cells, DNA contents of Mcm10-depleted cells increased to 2C in a comparable period with non-depleted cells. This number of Mcm10 remained is much smaller than that of replication forks in normal conditions (about 200 forks per cell), which was estimated by the assumption that bidirectional replication initiated from about one-third of 307 early origins in a cell (Hayashi et al, 2007; Patel et al, 2008) . Therefore, it is likely that Mcm10 is not essential for elongation, although the possibility remains such that the remaining Mcm10 was sufficient for substantial elongation. We described these results in the Supplementary Information (legend for Supplementary Figure 8 ) and added the summarized statement in the Discussion (page 20 lines 4-9).
Responses to the Referee #2 We appreciate the referee's comments that: "Although it was known that Mcm10 is essential for replication initiation, the high quality of this investigation provides concrete in vivo confirmation of recent in vitro work from budding yeast and pinpoints the point of action of Mcm10 to be in CMG activation/unwinding. Hopefully this study will form the basis for a mechanistic investigation into the role of Mcm10 in replication initiation."
We addressed each of the points raised by the referee as follows:
The effect on ssDNA binding by the ZA mutant is not very convincing (Fig 7b). Since there is no negative control here it is possible that the ssDNA interaction is due to the fact that the pI of Mcm10 is 10.46. I might suggest putting this figure in supplementary data and being cautious about the interpretation of this data in the text.
As suggested, we moved Figure 7B to Supplementary Figure 7 . We also added in the Results (page 14, lines 10-12), "although the possibility remains that the ssDNA binding of Mcm10 with a high isoelectric point (pI=10.1) was affected by the mutation" for the interpretation of the results. According to this change, Figure 7 was merged with Figure 8 (new Figure 7) , and the figure title and legends (page 39, line 20-page 40, line 15) were modified. ZA x4, and Mcm10 ZA x6 and examined whether the fusion rescues defective growth of mcm10-off-aid strain. The mcm10-off-aid strain harboring each plasmid was spotted on media containing auxin and thiamine (see Figure 1A below ). However, none of them support the growth better than the vector ( Figure 1A) . Expression of these fusion proteins, except for Mcm10 ZA x4, was confirmed by immunoblotting with anti-Mcm10 antibody ( Figure 1B) , where the intensity of the band increased by the number of fused Mcm10. The mcm10-off-aid cells expressing Mcm10 WTMcm10 WT fusion grew normally (data not shown), suggesting that the fusion does not inhibit Mcm10 functions.
A very interesting possibility is that the ZA mutant is defective because it can't multimerise (7c
Since the results cannot distinguish various possibilities such as the self-interaction of Mcm10 via the zinc finger motifs is important or that the zinc finger has some other functions, we did not include the negative results in the revised manuscript. (Fig  8e) . Figure 9 however does not make this distinction. Would it be possible to alter Fig.9 to make this clear?
As recommended, we changed the model (new Figure 8) by adding a step (iii), in which Mcm10 binds to the origin together with the initiation-specific factors, and modified legends for the figure  (page 40, lines 21-23 ). Fig.4 As in the response to the referee #1, we added the sentence in the Results (page 11 lines 7-9) as well as in the Discussion (page 19, lines 7-9).
The authors state that from the lack of RPA recruitment in
Responses to the Referee #3 We appreciate this referee's comments that: "The conclusions are well-supported by the experiments, which are performed to a high technical standard." The point-to-point response to the referee's questions and comments are listed below.
To clarify things for a wider audience, the authors should provide FACS data of WT cells without HU in Fig1.
As suggested, we included the FACS results of the non-depleted cells without HU in Figure 1B and modified the text (page 7, lines 17-19) and the legend for Figure 1 (page 36, lines 11-13). As the referee recommended in point 3, we added description that DNA replication gives 4C DNA peak in the synchronized cell cycle in the text for Figure 1B instead of Figure 8B (new Figure 7D) . Fig.2B & F As pointed out, IP recovery of Mcm10 ChIP before G2/M release in the previous Figure 2D was much lower than those in Figure 2B & F. We think the difference is mainly due to exceptionally low background in Figure 2D , because the average IP recovery of nonARS1 (internal control) by Flag-Mcm10 ChIP in several independent experiments was 0.05-0.1%, which is similar to the value in Figure 2B , 2F and the new 7I). We repeated Mcm10-ChIP again using the same cdc45-aid strain and obtained the results where the conclusion was the same but with the background around ~0.05%. Therefore, we replaced the data in Figure 2D by the new one with the background similar to the others.
Why is the Mcm10 ChIP high before release in
3. Again for clarity, the authors should explain why replication gives a 4C DNA content in Fig.8B .
As described in the response 1, we added the explanation that DNA replication gives 4C DNA peak in the synchronized cell cycle in the text for Figure 1B ( experiment. Therefore, the column and the error bar were obtained from N=3. In ChIP experiments, the efficiency of immmunoprecipitation varies two or three folds, although the recoveries of specific loci relative to the control locus are almost constant between the independent experiments. In many cases, simple statistical treatment of the values obtained from the experiments with varied IP efficiencies would incorporate unnecessarily large deviations. Therefore, we would like to present one complete data set obtained from one ChIP experiment with standard deviations without any improper statistical handling, and also add the second set of results in Supplementary Figures, for proper evaluation of the reproducibility. We modified the description in the respective figure legends such as "The columns indicate IP recovery (%) ± S.D. obtained from triplicate measurements in real-time PCR quantification. The results of biologically independent experiments are presented in Supplementary Figure 2 ." Accordingly, we added 6 figures in Supplementary Information. We added "Conflict of Interests" after Acknowledge in the text. We also made three wording changes, as suggested by Referee #2, on pages 13, 18 and 19. We believe that this is the properly modified version of the manuscript and hope that this version is satisfactory for formal acceptance by The EMBO Journal.
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Thank you for submitting your re-revised manuscript, including the important clarifications on the ChIP data statistical analysis -which are really helpful for the reader to understand how these data have been analyzed. With these latest modifications, we can now consider the manuscript ready for publication.
You shall receive a formal letter of acceptance shortly.
Yours sincerely,
Editor
The EMBO Journal
